Chittoor virus (CHITV), a mosquito-borne bunyavirus (Orthobunyavirus: Bunyaviridae) isolated in India, has been found to be antigenically close to the Batai virus (BATV),which has a wide distribution across Asia, Europe and Africa. The latter causes influenza-like illness in humans and mild illness in sheep and goats. BATV has been involved in genetic reassortment with other bunyaviruses, generating novel genome combinations and causing severe clinical manifestations including hemorrhagic fever.
Mosquitoes:
Mosquitoes were procured from the insectary maintained by the Entomology division of NIV, Pashan. Mosquito larvae were fed on commercially available fish food, while adults were maintained on a diet of 10% glucose. Female mosquitoes were provided with 2 to 3-month-old fowl for blood meals on alternate days. Virus exposed mosquitoes were kept in plastic jars inside mosquito cages, and all the experiments were carried out inside a bio-safety level 2 laboratory, which has containment facilities to prevent the escape/entry of mosquitoes.
Virus exposed and unexposed mosquitoes were maintained at 28±2°C with 80±5% relative humidity and a 12:12 hr light: dark regime.
Ethical clearance to conduct animal experiments:
The work was approved by the institutional animal ethical committee, and all the experiments were carried out in accordance with their recommendations. D r a f t 6 infected mice showing acute sickness (mice were inoculated intra-cerebrally with CHITV three days prior to mosquito feeding). Fully engorged mosquitoes were separated, held in mosquito holding jars and secured in a double walled mosquito cage. The virus exposed mosquitoes were incubated at 28±2°C with 70-80% humidity and maintained on a 10% glucose diet. Ten mosquitoes of each species were harvested on alternate days from the '0' day to the 12 th day post-infection (PI); 5 mosquitoes were stored at -80°C for virus titer determination and five mosquitoes for virus dissemination studies.
After completion of the experiment, the stored batches of mosquitoes of each species of each harvesting day were processed for determination of virus titer. Individual pools (n=5) were triturated in 1 ml of minimum essential medium (MEM, Invitrogen, USA) containing 2%
FBS using a hand-held battery-operated homogenizer (Sigma, USA). The suspension was clarified by centrifugation at 4°C for 30 min at 5000 rpm, filtered (pore size=0.22 µm), diluted serially (10-fold) and titrated in Vero E6 cells in quadruplicate, as described earlier ). Virus titers were determined as described by Reed and Muench (1938) .
The experiment was carried out in triplicate and analyzed to determine the viral growth kinetics.
Harvesting of wings, legs and saliva and determination of virus titer:
The extraction of saliva was carried out as described by van den Hurk et al. (2011) . In brief, the wings of the mosquito were clipped (pooled wings of 5 mosquitoes and stored for virus titration), its proboscis was inserted into a capillary containing FBS and allowed to excite for 30 min. Contents of the capillary were transferred to 0.5 ml of chilled MEM (saliva from 5 mosquitoes) before being filtered (0.22 µm, Millipore) and titrated in Vero E6 cell line, as described above. After saliva extraction, legs of each mosquito were clipped gently, pooled (legs of 5 mosquitoes), and stored for virus titer determination. Virus titer of pooled wings and legs of alternate day samples were determined as described above for whole body.
Determination of horizontal and vertical transmission of CHITV:
Horizontal and vertical transmission of CHITV in mosquitoes was determined as described by Sudeep et al. (2014) . For horizontal transmission, a fresh batch of 3-4 day old mosquitoes (n=50) were fed on viraemic mice and then the fully engorged mosquitoes were separated, incubated for 11 days at 28°C and allowed to feed on 2-day-old infant mice (n=8). Mice were observed for sickness, the brains were harvested from the sick mice, triturated in MEM, and inoculated into C6/36 cells after filtration (0.22 µm), and the presence of CHITV was confirmed by the immunofluorescent antibody technique (IFA) on the 2 nd day PI. The virus titers of the brain suspensions were also determined by titration in Vero E6 cells.
For determination of vertical transmission, the virus exposed mosquitoes of each species used for horizontal transmission study after infecting the mice were allowed to oviposit and the F1 generation adults were screened for the presence of CHITV by IFA.
Results
All three species of mosquitoes were found to be susceptible for CHITV. Rapid replication of the virus was observed from the initial day to the 4 th day PI and the titer was maintained throughout the study period. The maximum virus yield was observed in the Cx quinquefasciatus species. Cx tritaeniorhynchus and Ae aegypti mosquitoes yielded lower titers in comparison. The growth kinetics of CHITV in the respective mosquito species are given below.
The growth kinetics of CHITV in Cx tritaeniorhynchus mosquitoes was similar to those in Cx quinquefasciatus. The mosquitoes also showed rapid replication until the 4 th day PI, yielding 5 log 10 TCID 50 /ml and maintained the titer throughout the study period (Fig. 1) .
Aedes aegypti mosquitoes:
CHITV replication in Aedes aegypti was less rapid in comparison with the two Culex species (Fig. 1) . The maximum virus yield was observed on the 4 th day PI with a titer of 5.2 log 10 TCID 50 /ml, and the titer was maintained throughout the study period.
Virus dissemination to legs:
CHITV dissemination to legs was observed in the two Culex species from the 2 nd day PI. A progressive increase in virus titer was observed on subsequent days PI (Fig. 2) . Cx quinquefasciatus mosquitoes showed rapid dissemination and maximum virus yield in comparison to Cx tritaeniorhynchus mosquitoes. After the 10 th day PI, the virus yield was found identical in both mosquitoes. Virus dissemination to legs of virus exposed Aedes aegypti mosquitoes was not determined in the present study.
Virus dissemination to wings:
None of the mosquitoes showed the presence of CHITV in the wings until the 12 th day PI.
Vector competence of the mosquitoes:
Both the Culex mosquito species were found competent to transmit the virus, as CHITV was detected in their saliva from the 6 th day PI. The virus yields on the 6 th day PI in the saliva of Cx quinquefasciatus and Cx tritaeniorhynchus were approximately 2 and 1.2 log 10 TCID 50 /ml, respectively, and the titer was maintained throughout the study period (Fig. 2) . In infected Ae aegypti mosquitoes, CHITV could not be detected in the saliva until the 12 th day PI.
CHITV from viraemic mice while feeding, replicate the virus, and transmit it to 2-day-old infant mice, thereby demonstrating horizontal transmission. When used to feed the mosquitoes, the sick mice (n=8) had virus titers in the range of 5.2-7.0 log 10 TCID 50 /ml.
Individual mosquitoes after feeding, had virus titers in the range of 2.3 to 3.2 log 10 TCID 50 /ml. The commencement of sickness in mice bitten by virus exposed Cx quinquefasciatus and Cx tritaeniorhychus mosquitoes was observed at 48 hr PI, and death was observed on the 3 rd and 4 th day PI in mice, respectively (Fig. 3) . IFA results showing positive C6/36 cells confirmed the viral agent responsible for inducing sickness and death in mice as CHITV (Fig. 4) . The virus titers of individual mouse brains of mice infected by virus exposed Cx quinquefasciatus and Cx tritaeniorhynchus mosquitoes varied from 6.3 to 8.5 and 5.7 to 7 log 10 TCID 50 /ml respectively (Fig. 5 ). The analysis of the survival time showed a significant difference between the two species (p=0.03 by the log-rank test). The mean survival times with standard error (SE) for Cx quinquefasciatus and Cx tritaeniorhynchus were 3.75±0.16 and 4.38±0.18 days, respectively (Fig. 3 ).
Vertical transmission:
Vertical transmission of CHITV could not be demonstrated in Cx quinquefasciatus and Cx tritaeniorhynchus mosquitoes in the present study. No change in oviposition and hatching rates could be observed in the virus exposed mosquitoes having virus titers ranging from 2.3 to 3.2 log 10 TCID 50 /ml. Presence of virus could not be detected in approx 100 F1 generation mosquitoes of each species screened for CHITV. 
D r a f t
In the present study, we have demonstrated CHITV replication, virus dissemination to legs and saliva in the virus exposed Culex spp. mosquitoes (Fig 2) . Culex quinquefasciatus has a country-wide distribution and has been found to be more competent than Cx tritaeniorhynchus for CHITV transmission. The former had a higher virus titer in the saliva and induced sickness and death in infant mice faster (Fig. 2) . Though no natural isolation of CHITV has been reported from the mosquito, the high level of replication, the presence of virus in the saliva and its ability to transmit the virus to susceptible host make it a concerning potential vector. Cx tritaeniorhynchus mosquitoes were also found to be highly competent to transmit the virus, which it is not surprising as the virus has been isolated from the species earlier (Table 1) . Since the isolation of the virus is not the only criteria to designate the mosquito as vector, the present study confirms the role of the mosquito as a vector, as it replicated and transmitted the virus to a susceptible host. Cx tritaeniorhynchus is abundant in India and Southeast Asian countries and is the major vector of Japanese encephalitis virus. Cx gelidus mosquitoes, which yielded the first isolation of BATV in Malaysia, also demonstrated vector competence for CHITV (Sudeep et al. 2015) .
Although Ae aegypti mosquitoes replicated CHITV, the virus could not be detected in the saliva. This clearly demonstrates that susceptibility and vector competence are different.
In the present study, despite having a body titer of >5 log 10 TCID 50 /ml, the salivary glands
were not found to be infected. 
